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Rice stripe virus (RSV) belongs to the genus Tenuivirus and its genome consists of four single-stranded
RNAs encoding seven proteins. Here, we have analyzed the processing and membrane association of
Pc2 encoded by vcRNA2 in insect cells. The enhanced green ﬂuorescent protein (eGFP) was fused to the
Pc2 and used for the detection of Pc2 fusion proteins. The results showed that Pc2 was cleaved to
produce two proteins named Pc2-N and Pc2-C. When expressed alone, either Pc2-N or Pc2-C could
transport to the Endoplasmic reticulum (ER) membranes independently. Further mutagenesis studies
revealed that Pc2 contained three ER-targeting domains. The results led us to propose a model for the
topology of the Pc2 in which an internal signal peptide immediately followed a cleavage site, and two
transmembrane regions are contained.
& 2012 Elsevier Inc. All rights reserved.Introduction
Rice stripe virus (RSV) causes a severe disease of rice and
signiﬁcant yield losses in East Asian countries. It is the type
member of the genus Tenuivirus and has ﬁlamentous ribonucleo-
protein particles (RNPs) (Falk and Tsai, 1998). Its genome consists
of four RNAs and encodes seven proteins. The complementary
sense of RNA 1 encodes a protein of 337 kDa, which was
suggested to be RNA dependent RNA polymerase (RdRp)
(Toriyama et al., 1994). RNAs 2–4 are ambisense, each containing
two ORFs, one in the 5’ half of viral RNA (vRNA), and the other in
the 3’ half of the viral complementary RNA (vcRNA). RNA2
encodes two proteins, P2 (22.8 kDa) from the vRNA2 and Pc2
(94 kDa) from the vcRNA2 (Takahashi et al., 1993). RNA3 encodes
P3 (23.9 kDa) from the vRNA3 and a nucleocapsid protein (CP)
(35 kDa) from the vcRNA3 (Kakutani et al., 1991). RNA4 encodes a
nonstructural disease-speciﬁc protein (SP) (20.5 kDa) from the
vRNA4 and Pc4 (32 kDa) from the vcRNA4 (Kakutani et al., 1990).
Until now, only the functions of P3 and Pc4 protein encoded by
RSV genome have been identiﬁed. The P3 of RSV has been
identiﬁed as a suppressor of RNA silencing. It could bind both
single-strand siRNA and siRNA duplex and suppress both local
and systemic RNA silencing in plant (Xiong et al., 2009). The Pc4
of RSV had been proved as a movement protein. This protein
localized predominantly near or within the cell walls, couldll rights reserved.
liang@yzu.edu.cn (C. Liang).support the intercellular trafﬁcking of a movement deﬁcient
Potato virus X in Nicotiana benthamiana leaves (Xiong et al., 2008).
Homology analysis with BLASTX showed that Pc2 shared
homology with the glycoprotein precursors of some members in
the family Bunyaviriade. Alignment with the amino acid
sequences of the glycoprotein precursors of Uukuniemi virus
(UUK) and Rift valley fever virus (RFV) in the genus Phlebovirus
of the family Bunyaviriade showed that the phlebovirus and
tenuivirus proteins had a similar number and location of trans-
membrane segments. More signiﬁcantly, the alignment involving
the signal peptide and cleavage site was statistically signiﬁcant
(Elizabeth et al., 1996).
Members within the family Bunyaviriade are characterized by
spherical, membrane bound particles containing a tripartite RNA
genome and are classiﬁed into ﬁve genera, Orthobunyavirus,
Phlebovirus, Nairovirus, Hantavirus and Tospovirus (Kormelink
et al., 2011). Among the Bunyaviridae, only tospoviruses are able
to infect plants rather than animals, and are transmitted in a
propagative manner by thrips (Kikkert et al., 2001). The glyco-
proteins of bunyavirus are encoded by the medium segment
(M) as a precursor polyprotein that is cotranslationally cleaved
to yield the two mature proteins, called Gn and Gc (Elliott, 1990).
The Gn and Gc interact with each other to form Gn/Gc hetero-
dimers and accumulate in the Golgi complex together with the
ribonucleoproteins, and virus particles are formed by budding
into the Golgi complex (Overby et al., 2007). In addition to
involvement in the virus particle assembly, the glycoproteins
of the tospoviruses were also identiﬁed as attachment proteins
that bind to the thrips proteins and the determinants for thrips
transmission (Medeiros et al., 2000; Sin et al., 2005).
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planthopper, Laodelphax striatellus (Gingery, 1988). Like the
tospovirus, it multiplies in both insect cells and plant cells. In
terms of epidemiology, vector plays an essential role in plant
virus disease. However, little research has been conducted to
study how this virus enters into the insect cells and transmitted
by its insect vectors. The similarities between the sequence of RSV
Pc2 and bunyavirus glycoprotein suggest that they may have
similar functions. In this study, we have investigated the proces-
sing and intracellular localization of Pc2 in insect cells in an
attempt to determine its relationship to its Bunyaviriade counter-
part and its possible roles in the viral infection and transmission.Results
Analysis of the hydrophobic regions and signal peptide cleavage sites
within Pc2
Computer analysis of the primary sequence of the RSV Pc2
protein revealed the presence of four hydrophobic regions (TM1,
TM2, TM3, and TM4) (Fig. 1A). Two of these regions had very high
hydrophobicity values (TM2 and TM3) and were predicted to be
transmembrane helices by all programs, although the exact
borders of the predicted transmembrane helices differed among
programs (Fig. 1B). The other two possible transmembraneFig. 1. Computer-assisted prediction of transmembrane helices (TM) in the RSV
Pc2 protein. (A) Schematic representation of putative transmembrane helices
within the Pc2 protein. The Pc2 protein is shown at the top of the panel, with
strongly and weakly predicted transmembrane helices represented by black and
gray squares, respectively. The hydrophobicity plot of Pc2 is shown at the bottom
of the panel. (B) Prediction of transmembrane helices within Pc2. The deduced
amino acid sequence of Pc2 is shown at the top of the panel. Amino acids are
numbered from the ﬁrst amino acid of the Pc2 protein. Predicted transmembrane
domains are shown for each program (as indicated on the left of the panel).segments (TM1 and TM4) were less hydrophobic and were
predicted by only three of the seven programs considered.
Computer aided prediction of the cleavage site in the Pc2
revealed the presence of two signal peptide cleavage sites. One
followed the TM3 (sc2) and had a very high c-value (cleavage site
value) and another followed the TM1 (sc1) and had a relatively
low c-value.
Detection of Pc2 in RSV infected rice
The Pc2 is composed of 835 amino acids (aa) and its predicted
molecular mass is 94 kDa. The expression of full length Pc2 was
difﬁcult in Escherichia coli (E.coli). Therefore, the Pc2 was
expressed in two parts: Pc2-N1 (aa 83–267) and Pc2-C1(aa
568–743). The Pc2-N1 could be expressed in E.coli; no expression
of Pc2-C1 was detected in coomassie-blue-stained protein gels
(data not shown). The total protein from RSV infected rice leaves
were extracted and detected using the anti-Pc2-N1 antibodies
using the method described previously (Liang et al., 2005). The
full length of Pc2 (94 kDa) could not be detected and only one
band with a molecular weight about 45 kDa was detected in RSV
infected rice leaves (Fig. 2A), which suggested that Pc2 was
probably cleaved in the natural host of RSV.
Pc2 is processed in insect cells
Immunoblot analysis of eGFP-Pc2 or Pc2-eGFP expressed in
Spodoptera frugiperda (Sf9) cells using anti-GFP antibodies identi-
ﬁed two major protein bands (Fig. 2B). The top band represented
the noncleaved eGFP-Pc2 or Pc2-eGFP with a molecular weight of
121 kDa. The bottom band of eGFP-Pc2 and Pc2-eGFP repre-
sented the cleaved N terminus of Pc2 (Pc2-N) and C terminus of
Pc2 (Pc2-C), respectively. The cleaved C terminus of eGFP-Pc2
(Pc2-C) and N terminus of Pc2-eGFP was not detected withFig. 2. The processing of Pc2 in rice infected with RSV and in Sf9 cells. (A) The total
protein was extracted from healthy rice plant (lane1) and RSV-infected rice plant
(lane2) and then probed with anti-Pc2-N1 polyclonal antibodies. (B) Immunoblot
assay of eGFP-Pc2 and Pc2-eGFP fusion proteins in Sf9 cells. Sf9 cells were
transfected with the plasmid pIZ-egfp-pc2 or pIZ-pc2-egfp and collected 48 h
after transfection. The cells were lysed and the proteins subjected to 12%
SDS-PAGE and blotted onto PVDF membrane. The proteins were detected using
anti-GFP monoclonal antibodies. (C) Analysis of the predicted N-terminus cleavage
site (sc1) in Pc2. Three mutants including eGFP-1–24 (aa 1–24), eGFP-1–54 (aa 1–
54) and eGFP-1–133 (aa 1–133) with eGFP fussed to their N-terminus were
generated. They were expressed in Sf9 cells and collected by lysing the cells. Then,
the proteins were separated and immunoblotted with anti-GFP antibodies.
(D) Analysis of the predicted C-terminus cleavage site (sc2) in Pc2. Two mutants
including 355–500-eGFP (aa 355–500) and 382–500-eGFP (aa 382–500) with
eGFP fused to their C-terminus were generated. The proteins were expressed in Sf9
cells and then immunoblotted with anti-GFP antibodies. Migration of molecular
mass standards is shown on the side of each gel.
Fig. 3. Subcellular localization of eGFP-Pc2 and Pc2-eGFP in Sf9 cells. Sf9 cells
grown on coverslips were transfected with the plasmid pIZ-pc2-egfp and pIZ-egfp-
pc2, respectively. At 48 h post-transfection, cells were analyzed by immunoﬂur-
escence confocal microscopy. The ER was labeled with an ER marker(ER-Tracker-
Red). In the merge panel, the colocalization of the eGFP ﬂuorescence (green) and
the ER marker ﬂuorescence (red) results in a yellow color. The Pc2 colocalized
with ER-Tracker Red with eGFP either fused to the N-terminus (eGFP-Pc2) or
C-terminus of the Pc2 (Pc2-eGFP). (For interpretation of the references to color in
this ﬁgure legend, the reader is referred to the web version of this article.)
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amino-terminal end of the Pc2 protein for eGFP-Pc2 and the
carboxyl-terminal of Pc2 for Pc2-eGFP. These results suggested
that Pc2 was processed to produce two portions (Pc2-N and Pc2-
C) when expressed in Sf9 cells as that in the RSV infected
plant host.
Analysis of the cleavage sites in the Pc2
It was predicted that the presence of two cleavage sites (sc1
and sc2) in Pc2 protein as described above. The sc1 and sc2 are
about at the amino acid (aa) position 24 and 382, respectively. If
the Pc2 is cleaved at the sc1, a protein about 30 kDa and 118 kDa
will be detected in eGFP-Pc2 and Pc2-eGFP, respectively. If the
Pc2 is cleaved at the sc2, a protein about 70 kDa and 78 kDa will
be detected in eGFP-Pc2 and Pc2-eGFP, respectively. The immu-
noblot analysis of Pc2 above suggested the Pc2 protein was
cleaved at the sc2. To further analyze the sc1, we generated three
mutants including eGFP-1–24(aa 1–24), eGFP-1–54(aa 1–54) and
eGFP-1–133(aa 1–133) with eGFP fused to their N-terminus.
Immunoblot analysis of these proteins with anti-GFP antibodies
showed that only one band was detected for each mutant of Pc2
protein, which represented the noncleaved mutant based on its
deduced molecular weight (Fig. 2C). These results suggested that
Pc2 protein was not cleaved at the sc1. To analyze the sc2, we
generate two mutants including 355–500-eGFP(aa 355–500) and
382–500-eGFP(aa 382–500) with eGFP fused to their C-terminus.
Immunoblot detection of these two proteins with anti-GFP anti-
bodies identiﬁed one band in 382–500-eGFP and two bands in
355–500-eGFP (Fig. 2D). The top band in 355–500-eGFP repre-
sented noncleaved 355–500-eGFP based on its deduced molecular
weight and the bottom band in 355–500-eGFP comigrated with
the 382–500-eGFP, which suggested that a portion of Pc2 was
cleaved at the amino acid position about 382(sc2).
Expressed eGFP-tagged Pc2 is transported to and retained in the ER
To determine the subcellular localization of Pc2 in insect cells,
eGFP was fused in frame to either the N-terminus or the
C-terminus of Pc2, respectively. The fusion proteins were
expressed in Sf9 cells by transfection. The green ﬂuorescence
associated with eGFP in infected cells was analyzed using a
confocal laser scanning microscope 48 h after transfection.
ER-Tacker Red was used to stain the ER. When eGFP was
expressed alone in Sf9 cells, the green ﬂuorescence was distrib-
uted evenly throughout the cell. In contrast, when eGFP was fused
to the C or N terminus of Pc2, the subcellular localization of eGFP
was altered compared with expression of eGFP alone, but both
fusion proteins exhibited a comparable reticular pattern and co-
localized with the ER marker (Fig. 3). These results suggested that
Pc2 was targeted to the ER.
Either Pc2-N or Pc2-C localizes in the ER when expressed on its own
The above experiments indicated that Pc2 was processed to
produce Pc2-N and Pc2-C in Sf9 cells. Therefore, the ER-targeting of
each cleaved protein (Pc2-N or Pc2-C) may depend on its own or by
interaction with another cleaved protein. To clarify this, the Pc2-N
and Pc2-C were expressed separately in insect cells. Two mutants of
the precursor were produced encompassing either Pc2-N or Pc2-C
sequences alone. The eGFP was fused to the N terminus of Pc2-N
(eGFP-Pc2-N) and the C terminus of Pc2-C (Pc2-C-eGFP), respec-
tively (Fig. 4A). Western blot analysis indicated that the eGFP-Pc2-N
and Pc2-C-eGFP were successfully expressed in Sf9 cells (Fig. 4C).
Observed in the confocal microscopy, the ﬂuorescence of both eGFP-
Pc2-N and Pc2-C-eGFP co-localized with the ER-marker (Fig. 4B),which indicated that separately expressed Pc2-N or Pc2-C was able
to be transported to the ER.
Pc2 contains multiple ER-targeting domains
To investigate sequence elements within Pc2 mediating the
membrane association, we fused different portions of Pc2, includ-
ing transmembrane domains and the regions between them
(Fig. 5A, constructs TM1, m1, TM2, TM3, m2, and TM4) to the N
terminus of eGFP and tested whether any given fragment could
target eGFP to the ER. The m1 and m2 represented the region
between TM1 and TM2 and the region between TM3 and TM4,
respectively. The ﬂuorescence associated with m1 and m2
(Fig. 5B, panel m1, m2) fusion proteins was almost distributed
throughout the whole cells and did not overlap with that of ER-
Tracker Red. The highly hydrophobic TM2 and TM3 (Fig. 5B, panel
TM2, TM3), the less hydrophobic TM4 (Fig. 5B, panel TM4)
domains were associated with the ER when fused to eGFP. While
the less hydrophobic TM1 (Fig. 5B, panel TM1) was not able to
target the eGFP to the ER.
Subcellular fractionations were performed to further study the
membrane association of the fusion proteins. As described above,
each eGFP fused protein was expressed in Sf9 cells. At 48 h post-
transfection, the cells were lysed in hypotonic buffer and the
membrane fraction was extracted. Proteins were separated by
SDS-PAGE and analyzed by immunoblotting with anti-GFP anti-
bodies. In agreement with the confocal images, unfused eGFP
(Fig. 6A, panel 1–3), TM1-eGFP (Fig. 6A, panel 4–6), m1-eGFP
(Fig. 6A, panel 10–12) and m2-eGFP (Fig. 6A, panel 19–21) were
detected only in the cytosol (S). While the TM2-eGFP (Fig. 6A,
panel 7–9), TM3-eGFP (Fig. 6A, panel 13–15) and TM4-eGFP
(Fig. 6A, panel 16–18) fusion proteins were found predominantly
in the membrane pellet (P). To investigate the stability of
membrane association of the eGFP fusion proteins membrane
dissociation assays were performed as described in the materials
and methods. The membrane pellets were treated with buffers
0.1 M Na2CO3 (high pH) or 1 M NaCl (high salt) to remove
peripherally associated proteins from membranes. As a control,
the membrane pellets were treated with 1% Triton X-100 to
disrupt the lipid bilayer. The soluble contents were separated
from the pellets by ultracentrifugation and the pellets were
analyzed by immunoblot with anti-GFP antibody (Fig. 6B). All
Fig. 4. Intracellular localization of the eGFP fused Pc2-N and Pc2-C. (A) Schematic representation of eGFP fused Pc2-N and Pc2-C produced in this article. The white and
hatched boxes represent the Pc2 and eGFP domains, respectively. The strongly and weakly predicted transmembrane helices (TM) in Pc2 were represented by black and
gray squares, respectively. The arrow symbol indicates cleavage in the Pc2 precursor. The predicted molecular mass of each fusion protein is indicated in parentheses.
(B) Subcellular localization of the eGFP-Pc2-N and Pc2-C-eGFP. The eGFP-Pc2-N and Pc2-C-eGFP were expressed in Sf9 cells and the ﬂorescence was observed in the
immnoﬂuorescence confocal microscopy. Independently expressed eGFP-Pc2-N and Pc2-C-eGFP colocalized with ER-Tracker Red. (C) Western blot analysis of the eGFP-
Pc2-N and Pc2-C-eGFP. The eGFP-Pc2-N and Pc2-C-eGFP were expressed in Sf9 cells and immoblotted with the anti-GFP monoclonal antibodies. Migration of molecular
mass standards is shown on the right of gel. Both eGFP-Pc2-N and Pc2-C-eGFP were successfully expressed in Sf9 cells. (For interpretation of the references to colour in this
ﬁgure legend, the reader is referred to the web version of this article.)
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were found in the membrane fraction after treatments with
0.1 M Na2CO3 or 1 M NaCl (Fig. 6B, panel 1–2, 3–4, 7–8), whereas
almost no proteins was found in the membrane pellets after
disruption of the membranes with 1% Triton X-100(Fig. 6B, pane
3, 6, 9), suggesting that they interact directly with the lipid
bilayer of the membrane. Taken together, these results suggested
that Pc2 contained three ER-targeting domains (TM2, TM3 and
TM4) and each transmembrane domain was tightly associated
with cellular membranes.Discussion
In this study, we have investigated the processing and intracel-
lular localization of RSV Pc2 in insect cells. The Pc2 was expressed as
a precursor and processed to produce Pc2-N and Pc2-C in Sf9 cells.
Both Pc2-N and Pc2-C could be targeted to the ER independently.
Membrane binding is mediated by multiple domains, including one
N-terminal and two C-terminal transmembrane helices. These
results will contribute to the understanding of the roles played by
Pc2 in the virus replication, infection or transmission.
In RSV infected rice leaves, the Pc2 was completely cleaved and
the full length of Pc2 protein could not be detected. In Sf9 cells, the
Pc2 was partially cleaved at the cleavage site immediately following
the TM3 region (sc2), which produced a N-terminal fragment of 381
amino acids (Pc2-N, 43 kDa) and a C-terminal fragment of 453
amino acids (Pc2-C, 51 kDa). It is probably because that the proces-
sing of Pc2 was a little different in Sf9 cells from that in rice. Another
reason may be that other protein encoded by RSV had an effect on
the efﬁciency of the cleavage.
Most secreted and membrane proteins produced in eukaryotic
cells possess a hydrophobic signal peptide. The signal peptide
mediates the translocation of the protein into the lumen of the ER
and subsequently is removed by a signal peptidase complex
(Schatz and Dobberstein, 1996; Kalies and Hartmann, 1998).
The homology analysis and computer aided prediction revealed
that the Pc2 contained two signal peptide, TM1 and TM3. Theresults of experiments indicated that the TM3 could direct the
eGFP to the ER and be cleaved at its C-terminus, which suggested
TM3 could function as a signal peptide for Pc2-N. The TM1, on the
contrary, was unable to direct the eGFP to the ER, suggesting not a
signal peptide. Based on the results obtained in this paper, we
propose a model for the topology of the Pc2 (Fig. 7). In this model,
Pc2 contains an internal signal peptide tightly followed a cleavage
site and two transmembrane regions.
It is conﬁrmed in this study that RSV Pc2 is similar to its
homologous proteins (the glycoprotein precursor of the phlebo-
virus) in the processing. Both of them are encoded as a precursor
polyprotein and post-translationally cleaved into two mature
proteins. However, they are different in the intracellular localiza-
tion. The glycoproteins of phlebovirus localize in Golgi compart-
ments where the virus particles are assembled and bud into the
Golgi complex to generate infectious virus particles (Sonja and
Stuart, 2002; Marjolein et al., 2007). The proper intracellular
targeting of the two glycoproteins is critical for the budding and
release of particles. Particles were not generated when the Gn/Gc
proteins were localized to the ER (Overby et al., 2007)). By
contrast, RSV Pc2 is targeted to the ER. No evidence of this protein
association with the Golgi compartment was found either in
this study or previous study (Liang et al., 2005). Moreover,
no membrane-bound RSV particles has been found in contrast
to the membrane enclosed virus particles of phelovirus and
tospovirus. So, the function of RSV Pc2 may be different from
the glycoprotein of the bunyavirus.Materials and methods
Cells, viruses and antibodies
Cell monolayers of Spodoptera frugiperda (Sf9) were grown in
Grace’s insect cell culture medium (Invitrogen) supplemented
with 10% fetal calf serum (FBS). Recombinant viruses were
propagated and titered in Sf9 cells.
Fig. 5. Subcellular localization of the derivatives of Pc2-eGFP in Sf9 cells. (A) Schematic representation of the Pc2-eGFP derivatives. The eGFP domain (not shown) is fused
to the C terminus of each Pc2 derivative. The predicted weak and strong transmembrane domains are shown with gray and black boxes, respectively. The predicted
molecular mass (M) of each eGFP fusion protein and the amino acids (aa) of Pc2 included in each fusion protein are shown on the right. (B) Subcellular localization of the
Pc2-eGFP derivatives. Pc2-eGFP derivatives were expressed in Sf9 cells and ER was labeled with an ER marker (ER-Tracker-Red). The ﬂuorescence was examined using
immunoﬂuorescence confocal microscopy 48 h post-transfection. Three predicted transmembrane helices including TM2, TM3 and TM4 were able to target the eGFP to
the ER.
S. Zhao et al. / Virology 429 (2012) 148–154152Mouse monoclonal anti-GFP antibodies were purchased from
Beyotime Institute of Biotechnology. The secondary antibodies
used in Western blot analyses were goat anti-mouse secondary
antibodies coupled to alkaline phosphatase (Tiangen). The ER was
labeled with ER-Tracker Red (Molecular Probes)
Expression of RSV Pc2 in E.coli and production of antisera
Viral RNA from rice leaf infected with RSV was extracted for
amplifying the pc2 gene fragment. The coding region of Pc2-N1
(aa 83–267) and Pc2-C1(aa 568–743) were ampliﬁed using the
primers pc2-nf/pc2-nr and pc2-cf/pc2-cr, respectively. Then, the
PCR products were subcloned into the expression vector pET-28a
(Novagen). Fusion protein was expressed in E.coli (BL21) by the
induction with IPTG (0.4 mM) and puriﬁed by Ni-NTA agarose
column(Novagen). The puriﬁed proteins were ﬁnally immunized
the rabbits for producing the polyclonal antibodies against Pc2.
The construction of plasmids used for the transfection of Sf9 cells
The egfp gene was ampliﬁed from the plasmid pEGFP-N1 with
primers egfp-F1/egfp-R1 (see supplemental table for primersequences) which include SalI and NotI site and egfp-F2/egfp-R2
which include BamHI and EcoRI site, digested with their
respective enzymes, and ligated to pFastBacI(Invitrogen) to con-
struct recombinant vector pBac-egfp(S-N) and pBac-egfp(B-E),
respectively.
The entire coding region of Pc2 was ampliﬁed from viral RNA
using primers pc2-F1 and pc2-R1. To facilitate cloning of the
PCR fragment, EcoRI and SalI restriction enzyme sites were
incorporated into the forward and reverse primer sequences,
respectively. The digested DNA fragments were cloned into
pBac-egfp(S-N) and pBac-egfp (B-E) to generate pBac-pc2-egfp
and pBac-egfp-pc2, respectively. Then the pBac-pc2-egfp or
pBac-egfp-pc2 was digested with BamHI and NotI and the frag-
ment containing pc2 and egfp gene was inserted into pIZV5/His
vector under the control of IE2 promoter to obtain pIZ-pc2-egfp
and pIZ-egfp-pc2, respectively. As a control, the full length of
egfp was inserted into pIZV5/His vector to generate pIZ-egfp.
Mutated derivatives of pc2 were constructed as described for
pIZ-pc2-egfp and pIZ-egfp-pc2, respectively. Primers used for
construction the mutated derivatives of Pc2 were shown in
supplemental table. Each plasmid was transfected into Sf9 cells
for expression.
Fig. 6. Membrane association assay of Pc2-eGFP mutant derivatives. (A) Subcellular fractionation of eGFP and Pc2-eGFP derivatives. Postnuclear supernatants (T), Soluble
(S) and membrane enriched (P) fractions were prepared from Sf9 cells expressing mutated Pc2-eGFP proteins as described in Materials and Methods. Proteins were
separated by SDS-PAGE (12%) and immunodetected with anti-GFP antibody. (B) Biochemical treatments of membrane-enriched pellets. Membrane-enriched (P) fractions
were treated with 0.1 M Na2CO3 (pH 11), 1 M NaCl or 1%Triton X-100 for 30 min at 4 1C. After centrifugation, the proteins in pellet were separated by SDS-PAGE (12%) and
immunodetected with anti-GFP antibody. Migration of molecular mass standards is shown on the right of each gel.
Fig. 7. The proposed model for the topology of RSV Pc2. The transmembrane
regions (TM) were represented by black squares. The signal peptide (ss) and the
cleavage site were represented by gray square and scissors symbol, respectively.
Two transmembrane regions, one signal peptide and one cleavage site were
included in the Pc2.
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The subcellular fractionation and membrane dissociation assays
were performed as described previously (Yuan et al., 2005) with some
modiﬁcation. Brieﬂy, Sf9 cells transfected with the plasmid con-
structed above were recovered by scraping and centrifugation,
washed three times with cold PBS, and pelleted by centrifugation at
500 x g for 5 min. The cell pellet was resuspended in hypotonic buffer
(1 mM Tris–HCl[pH7.4], 0.1 mM EDTA, 15mM NaCl) containing
0.4 mM phenylmethylsulfonyl ﬂuoride and a mammalian protease
inhibitor cocktail (Sigma). Cells were incubated for 30 min on ice
and broken by 3050 strokes in a Dounce homogenizer, and then
centrifuged at 3000 g for 10 min at 4 1C to remove cell debris and
nuclei. Postnuclear supernatants (T) were centrifuged at 200,000 g
for 2 h at 4 1C to separate membrane (P) and cytoplasmic fractions
(S). For membrane dissociation assays, the membrane fraction was
treated with either 0.1 M Na2CO3 (pH 11), 1 M KCl (high salt) or 1%
Triton X-100 for 30min on ice and then centrifuged at 200,000 g for
2 h at 4 1C.
Immunoblot analysis
Protein samples were separated by sodium dodecyl sulfate (SDS)–
12% polyacrylamide gel electrophoresis (PAGE) and transferred toPVDF membranes (Millipore). The membranes were blocked with 5%
skim milk in PBST overnight at 4 1C, washed with PBST once,
incubated with primary antibody at room temperature for 2 h, and
then washed with PBST three times and incubated with secondary
antibody conjugated with alkaline phosphatase at room temperature
for 2 h. After rinsing three times, the speciﬁc proteins were detected
by BCIP/NBT substrate solution (Tiangen).Confocal microscopy
The Sf9 cells were cultured on sterile cover slips (placed in
24-well plates) and transfected with the constructed plasmid
DNA using lipofectamine 2000 (Invitrogen) according to the
manufacturer’s protocol. Two days after transfection, the cells
were washed with PBS and incubated with ER-Tracker Red for
30min to stain the ER. After washing with PBS, the cells were
ﬁxed by 4% paraformaldehyde in PBS for 15 min at RT. The cells
were ﬁnally washed in PBS, and mounted on glass slides with 50%
glycerol. Mounted slides were observed using a Carl Zeiss LSM
510 Meta confocal microscope with a 63 x immersion oil
objective (Carl Zeiss, Germany).Computer-assisted prediction of putative transmembrane helices
Prediction of transmembrane helices in the RSV NSvc2 was
performed using the following programs: SVMtm (Yuan et al.,
2004), Sosui (Hirokawa et al., 1998), Tmpred (Hofmann and
Stoffel, 1993), TopPred2 (Claros and von Heijne, 1994), PHDhtm
(Rost et al., 1996), TMHMM (Sonnhammer et al., 1998) and
HMMTOP (Tusnady and Simon, 1998). Prediction of signal peptide
cleavage site was performed using the software SignalP (Nielsen
et al., 1997).
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